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An imaging apparatus includes an image sensor configured
to capture an object image formed through an imaging
optical system, an image stabilization unit configured to
move the image sensor on a plane orthogonal to an optical
axis in the imaging optical system, and a controller config-
ured to control a movement by the image stabilization unit,
and to determine a moving center in the image plane image
stabilization unit based on information on the imaging
optical system in an electronic preview mode used to
observe an image signal about the object image based on an
output from the image sensor.

6
19a

19b

s

il
il

LENS SYSTEM CONTROL

CIRCUIT

2 1
B T TR S prr o F SR .
10
1”}
e 1

ELECTRIC
CONTACT

15¢

1
1
H
H
H
i
1}
1
1
H
! LENS DRIVER
H
3
1
1
H
i
H
H
1}
1}
1
H

1
1
OPERATION |
DETECTOR X
= 1
sLor N2 DISPLAY !
DETECTOR [- UNT | !

9
CAMERA | 5 :
MAGE SENSOR SYSTEM :

IMAGE [

STABILIZATION C(OTE(TF%L X
UNIT IRCU !
4 I |
' |
1
3 TTE HE 1
SHUTTER| | s IMAGE |y rentory |
MECHA- H (oo be H PROCE- (=™ e
NISM ’ SSOR !
1
< { - { i
16 [ 7 8 X
1
1



Patent Application Publication  Jul. 11,2019 Sheet 1 of 5 US 2019/0215454 A1

Y 17a
Z X 2
; 18a
4
5 12 _
18 15 20 16 14
2 1

[t LENS p "é‘ ***** [ CAMERA ~~~~~~~~~~~ T ]
: ! Lo
, 2 ’ "y OPERATION ;
; LENS SYSTEM CONTROL | {ELECTRIC] ~ DETECTOR ;
, CIRCUIT CONTACT 15 : ;
i - sLur Y DISPLAY !
i i DETECTOR r UNIT | !
| LENS DRIVER H 9
! CAMERA | s |
; IMAGE SENSOR | | SYSTEM :

! IMAGE M con
! STABILIZATION| | ‘G ioor i
, UNIT IRCUT :
‘ l
| R !

f

’ l
l T l
; Y SHUTTER | pviace IMAGE 1 1y evoRy |
MECHA- [~ (o on - PROCE- (70 D
NISM ” SSOR B
t
i
§
{




Patent Application Publication  Jul. 11,2019 Sheet 2 of 5 US 2019/0215454 A1




Patent Application Publication  Jul. 11,2019 Sheet 3 of 5 US 2019/0215454 A1

START
Y S110
ACQUIRE LENS INFORMATION {—
»  SI120
"\K
<
POWER OFF? ES
: $130 STOP
START
IMAGING PRELIMINARY : 5140
OPERATION ? NO v /
IMAGE SENSOR IMAGE
S150 STABLLIZA%“IONAUNIT: OFF
. LENS IMAGE
ACQUIRE LENS STATE [~ STABILIZATION UNIT: OFF
‘L $160 |
FOCUS DETECTION
- VL PR S170
DETERMINE DRIVING AMOUNT RATIO ~J
ELECTRONIC
PREVIEW MODE? NO $220
v -~
S190 | DETERMINE MOVING CENTER IN
- TABILIZ ATION UNIT AS
DETERMINE MOVING CENTER IN IMAGE S : ]
SENSOR IMAGE STABILIZATION UNIT VIEWFINDER OPTICAL SYSTEM
¢ S200 8/230
IMAGE SENSOR IMAGE STABILIZATION Y
’ UNIT: ON . IMAGE SENSOR IMAGE__
LENS IMAGE STABILIZATION UNIT: ON STABILIZATION UNIT: OFF
LENS IMAGE STABILIZATION
UNIT: ON
4 $210
DISPLAY IMAGE t
) 4 8240
START
EXPOSURE OPERATION 2
$250
IMAGE SENSOR IMAG(,[;Z STABILIZATION | )
UNIT: ON
LENS IMAGE STABILIZATION UNIT: ON
v S260
EXPOSURE AND RECORDING




Patent Application Publication  Jul. 11,2019 Sheet 4 of 5 US 2019/0215454 A1

A PRIOR ART °©

19a

19b




Patent Application Publication  Jul. 11,2019 Sheet 5 of 5 US 2019/0215454 A1




US 2019/0215454 Al

IMAGING APPARATUS AND CAMERA
SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to an imag-
ing apparatus having an image stabilization unit configured
to move the image plane so as to correct a blur in imaging,
and more particularly to an imaging apparatus and a camera
system which can provide live-view imaging.

Description of the Related Art

[0002] One recently proposed imaging apparatus includes
an image stabilization unit configured to parallel move an
image sensor. One proposed image stabilization unit has a
large motion range for a higher image stabilization perfor-
mance. Since the imaging optical system has a limited range
(image circle) for projecting the object image, an excessive
movement of the image stabilization unit shields a light flux
from the imaging optical system and reduces a light amount.
In addition, when an optical viewfinder and the image
stabilization unit for translating the image sensor are com-
bined with each other and the optical axis in the optical
viewfinder and the center of the image sensor shift from each
other, the composition shifts.

[0003] Japanese Patent Laid-Open No. (“JP”) 2009-
251491 discloses an imaging apparatus that operates only a
lens image stabilization unit in an imaging preliminary
operation and only an image plane image stabilization unit
(image sensor. image stabilization unit) in an exposure
operation in order to obtain the image stabilization effect
without causing the composition to shift. JP 2010-117591
discloses an imaging apparatus that changes a moving center
(a center of a movable range) in the image sensor image
stabilization unit based on an instruction from a user in
special imaging such as tilt-shift imaging.

[0004] The imaging apparatus disclosed in JP 2009-
251491 addresses only the optical viewfinder imaging, and
thus may shield part of a light flux from the imaging optical
system in a live-view mode, causing a peripheral light
amount to drop.

[0005] The imaging apparatus disclosed in JP 2010-
117591 cannot set the moving center according to the
intention of the user in non-special imaging and the maxi-
mized image stabilization function. In addition, since this
reference does not consider the relationship with the optical
viewfinder, a composition shift may occur.

SUMMARY OF THE INVENTION

[0006] The present invention provides an imaging appa-
ratus and a camera system which can suppress a peripheral
light amount drop and a blur in an optical system while
suppressing a composition shift.

[0007] An imaging apparatus according to one aspect of
the present invention includes an image sensor configured to
capture an object image formed through an imaging optical
system, an image sensor image stabilization unit configured
to move the image sensor on a plane orthogonal to an optical
axis in the imaging optical system, and a controller config-
ured to control a movement by the image sensor. image
stabilization unit, and to determine a moving center in the
image sensor image stabilization unit based on information
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on the imaging optical system in an electronic preview mode
used to observe an image signal about the object image
based on an output from the image sensor.

[0008] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGS. 1A and 1B are a central sectional view of a
camera system and a block diagram illustrating an electrical
configuration according to an embodiment of the present
invention.

[0010] FIG. 2 is an exploded perspective view of an image
sensor image stabilization unit.

[0011] FIG. 3 is a flowchart illustrating an operation of an
imaging apparatus.

[0012] FIGS. 4A to 4E explain light shielding states.
DESCRIPTION OF THE EMBODIMENTS
[0013] Referring now to the accompanying drawings, a

detailed description will be given of embodiments according
to the present invention. Corresponding elements in each
figure will be designated by the same reference numerals,
and a duplicate description thereof will be omitted.

[0014] FIGS. 1A and 1B are a central sectional view of a
camera system and a block diagram illustrating an electrical
configuration according to an embodiment of the present
invention, respectively. This embodiment sets a coordinate
system as illustrated in FIG. 1A for explanatory conve-
nience.

[0015] The camera system includes an imaging apparatus
1 and a lens unit (lens apparatus) 2. The lens unit 2 is
detachably attached to the imaging apparatus 1 via a mount
(mechanical contact) 18. The imaging apparatus 1 and the
lens unit 2 communicate with each other via the electric
contacts 11.

[0016] The camera system includes an imaging unit, an
image processing unit, a recorder/reproducer, and a control-
ler. The imaging unit includes an imaging optical system 3,
an image sensor 6, and a shutter unit 16. The image
processor has an image processor 7. The recorder/repro-
ducer has a memory unit 8 and a rear display unit 9. The
controller includes a camera system control circuit (control-
ler) 5, an operation detector 10, a lens system control circuit
(storage unit) 12, a lens driver 13, an image sensor image
stabilization unit 14, and a blur detector 15.

[0017] The imaging unit is an optical processing system
for imaging object light on the imaging surface on the image
sensor 6 via the imaging optical system 3. While a mirror in
a quick-return mirror unit 20 is retreated, the shutter unit 16
controls an object light amount by driving the shutter
curtain.

[0018] This embodiment can select two modes according
to the operation of the quick-return mirror unit 20 in the
imaging preliminary operation. The first mode is an optical
preview mode that enables an object image to be optically
observed with a viewfinder optical system (optical view-
finder unit) 17. The second mode is an electronic preview
mode that enables an object image to be electrically
observed by displaying on the rear display unit 9 an image
signal about the object image based on the output from the
image sensor 6. In the optical preview mode, a proper
exposure amount and a focus evaluation amount are
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obtained from an unillustrated AE sensor and an unillus-
trated AF sensor. In the electronic preview mode, a proper
exposure amount and a focus evaluation amount are
obtained from the image sensor 6. The imaging optical
system 3 is properly adjusted based on the acquired expo-
sure amount and focus evaluation value. This configuration
can expose the image sensor 6 to the light flux from the
imaging optical system 3 having a proper light amount, and
form the object image near the image sensor 6.

[0019] The quick-return mirror unit 20 operates in switch-
ing between the optical preview mode and the electronic
preview mode. FIG. 1A illustrates a state of the optical
preview mode in which the light flux from the imaging
optical system 3 is reflected by the quick-return mirror unit
20 and guided to the viewfinder optical system 17. The
electronic preview mode retreats the mirror in the quick-
return mirror unit 20, and operates the shutter unit 16 to
guide the light flux from the imaging optical system 3 to the
image sensor 6.

[0020] The image processor 7 includes an A/D converter,
a white balance adjustment circuit, a gamma correction
circuit, an interpolation operation circuit, and the like, and
generates an image for recording use. The generated image
is stored in the memory unit 8. The image processor 7 has
a color interpolation processor, and performs color interpo-
lation (demosaicing) processing based on a signal of Bayer
array to generate a color image. The image processor 7
compresses still images, motion images, sounds, and the like
using a predetermined method.

[0021] The camera system control circuit 5 generates and
outputs a timing signal for imaging and the like. The camera
system control circuit 5 controls the imaging unit, the image
processor, and the recorder/reproducer in accordance with
an external operation. For example, when the operation
detector 10 detects a press of an unillustrated shutter release
button, the camera system control circuit 5 controls the
image sensor 6 and the image processor 7. The camera
system control circuit 5 controls the display operation on the
rear display unit 9. In this embodiment, the rear display unit
9 is a touch panel and is connected to the operation detector
10. The camera system control circuit 5 issues a command
to the lens system control circuit 12 via the electrical contact
11, and the lens system control circuit 12 properly controls
the lens driver 13. The lens driver 13 can drive a focus lens,
an image stabilization lens, a diaphragm (or aperture), and
the like.

[0022] The image sensor image stabilization unit 14
moves the image sensor 6 on a plane orthogonal to the
optical axis 4 in the imaging optical system 3. Moving the
image sensor 6 on the plane orthogonal to the optical axis 4
means moving it in at least one of the x-axis direction and
the y-axis direction, where the optical axis direction is set to
the z-axis. The movement may contain a movement in the
z-axis direction. The image sensor image stabilization unit
14 can rotate the image sensor 6 around the optical axis 4 in
the imaging optical system 3. The blur detector 15 can detect
a rotational blur of the apparatus including a rotation around
the optical axis. This embodiment uses a vibration gyro as
the blur detector 15, but the present invention is not limited
to this embodiment.

[0023] The camera system control circuit 5 can capture
still and motion images by controlling the operation of each
part in the imaging apparatus 1 in accordance with the
operation on the operation detector 10. In the image stabi-
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lization mode, first, the camera system control circuit 5
determines, based on the signal acquired from the blur
detector 15, a blur correction amount of each of the image
stabilization units in the image sensor 1 and the lens unit 2
(image sensor image stabilization unit 14 and lens image
stabilization unit). Next, the camera system control circuit 5
informs the lens system control circuit 12 via the electric
contact 11 of the blur correction amount to be performed by
the lens image stabilization unit in the lens unit 2. The lens
system control circuit 12 properly controls the lens image
stabilization unit via the lens driver 13. The camera system
control circuit 5 operates the image sensor image stabiliza-
tion unit 14 based on the blur correction amount to be
performed by the image sensor image stabilization unit 14.
[0024] As described above, the lens unit 2 is detachably
attached to the imaging apparatus 1 via the mount 18. A
center axis 18a in the mount 18 and the optical axis 4 in the
imaging optical system 3 do not always accord with each
other. The lens system control circuit 12 includes an unil-
lustrated nonvolatile memory and stores a shift amount
between the center axis 18a in the mount 18 and the optical
axis 4 in the imaging optical system 3 previously measured
by a proper tool before the shipment from the factory etc.
The lens system control circuit 12 also stores information on
the size of the image circle corresponding to the lens state,
which is a designed value or a factory measured value of the
lens unit 2.

[0025] The center axis 18 in the mount 18 and the optical
axis 17a in the viewfinder optical system 17 do not neces-
sarily accord with each other. The camera system control
circuit 5 includes an unillustrated nonvolatile memory and
stores a shift amount between the center axis 18a in the
mount 18 and the optical axis 17a in the viewfinder optical
system 17 previously measured with a proper tool before the
shipment from the factory. This embodiment assumes that
the center axis 18a in the mount 18 and the optical axis 17a
in the viewfinder optical system 17 shift from each other,
and processes the shift between them. However, the shift is
adjusted between the center axis 18a in the mount 18 and the
optical axis 17a in the viewfinder optical system 17 in the
factory shipment and an accordance may be assumed
between the center axis 18a in the mount 18 and the optical
axis 17a in the viewfinder optical system 17.

[0026] FIG. 2 is an exploded perspective view of the
image sensor image stabilization unit 14. For simplicity
purposes, an electrical system for controlling is not illus-
trated. A vertical line in the figure is parallel to the optical
axis 4 in the imaging optical system 3. Elements designated
by 100-range are non-moving or fixed members, and ele-
ments designated by 200-range are moving or movable
members. Elements designated by 300-range are balls held
between a fixed member and a movable member.

[0027] An upper yoke 101, upper magnets 103a, 1035,
103¢, 1034, 103e, and 103/, lower magnets 107a, 1075,
107¢, 107d, 107¢, and 1077, and a lower yoke 108 form a
closed magnetic circuit. The upper magnets 103a, 1035,
103¢, 103d, 103¢, and 103/ are adhered, fixed, and attracted
to the upper yoke 101. The lower magnets 107a, 1075, 107¢,
107d, 107¢, and 107f are adhered, fixed, and attracted to the
lower yoke 108. The upper magnets 103a, 1035, 103¢, 1034,
103¢, and 103/ and the lower magnets 1074, 1075, 107c,
107d, 107¢, and 107f are magnetized along the optical axis
direction (vertical direction in the figure). Adjacent magnets
(such as the upper magnets 103a and 1035) are magnetized
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in different directions. The opposing magnets (such as the
upper magnet 103a and the lower magnet 1074) are mag-
netized in the same direction. Thereby, a strong magnetic
flux density is generated between the upper yoke 101 and the
lower yoke 108 along the optical axis direction.

[0028] Since a strong attractive force is generated between
the upper yoke 101 and the lower yoke 108, main spacers
105a, 1055, and 105¢ and auxiliary spacers 104a and 1045
are arranged so that the upper yoke 101 and the lower yoke
108 are properly spaced. The proper interval is an interval
that can maintain an appropriate gap after coils 205q, 2055,
and 205¢ and an FPC 201 are arranged between the upper
magnet and the lower magnet. The main spacers 105q, 1055,
and 105¢ have screw holes, and the upper yoke 101 is fixed
onto the main spacers 1054, 1055, and 105¢ by screws 1024,
1024, and 102¢. Rubber forming a mechanical end portion
for the movable member or so-called stopper is installed on
the body portion of each of the main spacers 105a, 1055, and
105¢.

[0029] The lower yoke 108 is fixed onto a base plate 110
by screws 109a, 1095, and 109¢. The base plate 110 has
holes so as to avoid the lower magnets 107a, 1075, 107c,
107d, 107¢, and 107/ The lower magnets 1074, 1075, 107¢,
107d, 107¢, and 107/ protrude from the holes provided in the
base plate 110 because its dimension in the thickness direc-
tion is larger than that of the base plate 110.

[0030] A movable frame 206 is made of magnesium or
aluminum die casting, and is lightweight and highly rigid.
Each element of the movable part is fixed onto the movable
frame 206. Position detecting elements are attached to the
FPC 201 at positions 202qa, 2025, and 202¢. This embodi-
ment uses a Hall element as an illustrative position detecting
element so that the position can be detected using the
magnetic circuit described above. Since the Hall element is
small, it is nested inside the windings of the coils 2054,
2055, and 205c¢.

[0031] The image sensor 6, the coils 2054, 2055, and 205¢
and the Hall element are connected to a movable PCB 203.
These elements electrically exchange data with the outside
via connectors on the movable PCB 203.

[0032] Fixed-portion rolling plates 1064, 1065, and 106¢
are adhered and fixed to the base plate 110. Moving-portion
rolling plates 204a, 2045, and 204¢ are adhered and fixed to
the movable frame 206. The fixed-portion rolling plates
106a, 1065, and 106¢ and the movable-portion rolling plates
204a, 2045, and 204¢ form rolling surfaces of the balls 3014,
3015, and 301c. It is easy to design the surface roughness,
the hardness, and the like in a desired state by separately
providing the rolling plate in this way.

[0033] A force according to the Fleming’s left-hand rule is
generated and the movable member can be moved by
electrifying the coils 205a, 20556, and 205¢ in the above
configuration. A feedback control can be performed with a
signal of the Hall element. A proper control of the signal
value of the Hall element can make the movable frame 206
translate on a plane orthogonal to the optical axis 4 in the
imaging optical system 3. While the signal of the Hall
elements at the position 202a is kept constant, a rotational
motion around the optical axis 4 in the imaging optical
system 3 can be generated by driving the signals of the Hall
elements at the positions 2026 and 202¢ with opposite
phases. Hence, the movable frame 206 can be rotated around
the optical axis 4 in the imaging optical system 3.
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[0034] The magnetic flux density in the optical axis direc-
tion is detected at positions 202q, 2025, and 202¢. The
magnetic circuit including the upper magnets 103a, 1035,
103¢, 1034, 103e, and 103/, the lower magnets 107a, 1075,
107¢, 107d, 107¢, and 107/, etc. has a generally nonlinear
characteristic. Therefore, the magnetic flux density detected
at the positions 202a, 2025, and 202¢ does not necessarily
have a constant resolution in all driving ranges (or the
detection resolution changes). More specifically, the mag-
netic flux density has steep and gentle changes, and a steeper
position can provide a higher detection resolution (or a
larger magnetic flux density change relative to the moving
amount). The above magnetic circuit has the largest mag-
netic flux density change and the highest detection resolu-
tion at the boundary position between the magnets (such as
a boundary position between the upper magnets 1034 and
1035).

[0035] Referring now to FIG. 3, a description will be
given of the operation of the imaging apparatus 1. FIG. 3 is
a flowchart illustrating the operation of the imaging appa-
ratus 1. The operation of the imaging apparatus 1 starts when
the imaging apparatus 1 is powered on.

[0036] In the step S110, the camera system control circuit
5 acquires lens information (information on the imaging
optical system 3) from the lens system control circuit 12. In
this embodiment, the lens information includes at least one
of positional information on the optical axis 4 in the imaging
optical system 3 and information on the size of the image
circle of the imaging optical system 3.

[0037] In the step S120, the camera system control circuit
5 determines whether the power off is detected by the
operation detector 10. If it is determined that the power off
has been detected, the operation is terminated. If it is
determined that the power off has not been detected, flow
proceeds to the step S130.

[0038] In the step S130, the camera system control circuit
5 determines whether an instruction to start the imaging
preliminary motion (in general, half-pressing of the release
button) has been detected by the operation detector 10. If it
is determined that the instruction has been detected, the flow
proceeds to the step S140. If it is determined that the
instruction has not been detected, the flow proceeds to the
step S150.

[0039] In the step S140, the camera system control circuit
5 performs a control so as not to operate the lens image
stabilization unit or the image sensor image stabilization unit
14.

[0040] In the step S150, the camera system control circuit
5 acquires a lens state which is information on the state of
the imaging optical system 3 such as a focus, a zoom, and
the like.

[0041] In the step S160, when the optical preview mode is
set, the camera system control circuit 5 causes the AE sensor
and the AF sensor to perform the light metering and focus
detection, and obtains a proper exposure amount and a focus
evaluation amount. When the electronic preview mode is
set, the camera system control circuit 5 causes the image
sensor 6 to perform the light metering and focus detection,
and obtains a proper exposure amount and a focus evalua-
tion amount. The camera system control circuit 5 drives the
focus lens so that the main object image is formed on the
image sensor 6 based on the information, and determines the
exposure condition. The exposure condition includes at least
one of the ISO speed, the F-number, and the exposure time.
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In driving the focus lens, the camera system control circuit
5 informs the lens system control circuit 12 of an amount to
drive the focus lens via the electrical contact 11. The lens
system control circuit 12 properly drives the focus lens via
the lens driver 13.

[0042] In the step S170, the camera system control circuit
5 determines a driving amount ratio used to correct the
image sensor image stabilization unit 14 and the lens image
stabilization unit, using the lens state acquired in the step
S150. Since a blur amount on the image sensor increases as
the focal length increases, the ratio of the lens image
stabilization unit is increased in the lens state having a
relatively long focal length and the ratio of the image sensor
image stabilization unit 14 is increased in the lens state
having a short focal length.

[0043] In the step S180, the camera system control circuit
5 determines whether the imaging apparatus 1 is set to the
electronic preview mode. If it is determined that the elec-
tronic preview mode is set, the flow proceeds to the step
S190. If it is determined that the electronic preview mode is
not set, the flow proceeds to the step S220.

[0044] In the step S190, the camera system control circuit
5 determines the moving center of the image sensor image
stabilization unit 14 based on the lens information acquired
in the step S110. The camera system control circuit 5 may
determine the moving center in the image sensor image
stabilization unit 14 so that the moving center in the image
sensor image stabilization unit 14 accords with the optical
axis 4 in the imaging optical system 3. Thereby, an image
with an alleviated peripheral light amount drop can be
acquired. When the image circle has the size margin or when
the peripheral light amount drop is negligible, the camera
system control circuit 5 may determine the moving center in
the image sensor image stabilization unit 14 independently
of the optical axis 4 in the imaging optical system 3. For
example, the moving center in the image sensor image
stabilization unit 14 may be set to a position that maximizes
the image stabilization function or a position that minimizes
the electric power for the image stabilization unit. The
position that maximizes the image stabilization function is,
for example, a stroke center of the image stabilization unit,
a position with a good controllability (or a position with a
good detection resolution of the position detecting element),
a position that reduces the driving friction, or the like. The
camera system control circuit 5 may determine the moving
center in the image sensor image stabilization unit 14 so that
it is located on a straight line that connects the optical axis
4 in the imaging optical system 3 and a position that
maximizes the image stabilization function with each other.
Thereby, the image stabilization function can be maximized
within a range that can ignore the peripheral light amount
drop.

[0045] In the step S200, the camera system control circuit
5 operates the image sensor image stabilization unit 14 and
the lens image stabilization unit. The camera system control
circuit 5 determines a blur correction amount for each image
stabilization unit based on a driving amount ratio determined
in the step S170 and the signal acquired from the blur
detector 15, and operates each image stabilization unit based
on the determined amount. This configuration can reduce the
image degradation caused by the so-called blurring. In
addition, since the moving center in the image sensor image
stabilization unit 14 is properly determined in the step S190,
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an image in which the peripheral light amount drop around
the imaging optical system 3 and blurs are suppressed can be
acquired.

[0046] In the step S210, the camera system control circuit
5 acquires an image to be displayed in the electronic preview
mode from the image sensor 6 and displays it on the rear
display unit 9. Thereby, the image is updated and the object
image is electronically observable.

[0047] In the step S220, the camera system control circuit
5 determines the moving center in the image sensor image
stabilization unit 14 so that the moving center in the image
sensor image stabilization unit 14 accords with the optical
axis 17a in the viewfinder optical system 17. This step sets
the optical preview mode, and the photographer optically
observes the object image via the viewfinder optical system
17. If the optical axis 17a in the viewfinder optical system
17 and the center of the image sensor 6 do not accord with
each other, the composition shifts between the observed
image and the captured image. The composition shift means
that the image viewed when the composition is determined
and the recorded image shift from each other. Since the
image acquired from the image sensor 6 is displayed in the
electronic preview mode, no composition shifts in principle.
If the composition shifts, an image may be different from the
intention of the photographer. Although the composition
cannot be changed later in the image captured with the
shifted composition, a peripheral light amount may be
electronically corrected. Therefore, the composition shift is
suppressed at the expense of the peripheral light amount in
the optical preview mode.

[0048] In the step S230, the camera system control circuit
5 operates the lens image stabilization unit without operating
the image sensor image stabilization unit 14. Since the light
flux from the imaging optical system 3 is reflected by the
quick-return mirror unit 20 in the optical preview mode, the
observed image does not change even when the image
sensor image stabilization unit 14 in the subsequent stage is
operated. Hence, this step keeps stationary the image sensor
image stabilization unit 14 so that the moving center accords
with the optical axis 17a in the viewfinder optical system 17.
A properly stabilized image is observed since the lens image
stabilization unit operates although the stroke is small
because the image sensor image stabilization unit 14 is not
operating.

[0049] In the step S240, the camera system control circuit
5 determines whether the operation detector 10 has detected
the instruction to start the exposure operation (generally, full
pressing of the release button). If it is determined that the
instruction has been detected, the flow proceeds to the step
S250. If it is determined that the instruction has not been
detected, the flow returns to the step S120.

[0050] In the step S250, the camera system control circuit
5 operates the image sensor image stabilization unit 14 and
the lens image stabilization unit. The camera system control
circuit 5 determines a blur correction amount for each image
stabilization unit based on the driving amount ratio deter-
mined in the step S170 and the signal acquired from the blur
detector 15 and operates each image stabilization unit based
on the determined amount. This configuration can reduce the
image degradation caused by the so-called blurring.

[0051] In the step S260, the camera system control circuit
5 causes the imaging apparatus 1 to perform the exposure,
and to store the obtained object image in the memory unit 8.
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[0052] As described above, this embodiment sets the
moving center in the image sensor image stabilization unit
14 to a composition priority position (the optical axis 174 in
the viewfinder optical system 17) in the optical preview
mode, and to the moving center in the imaging optical
system 3 in the optical axis 4 or the position based on the
image stabilization performance in the electronic preview
mode. Thereby, the object image can be acquired without
any composition shifts. The signal from the image sensor 6
is converted into an electrical signal and then made observ-
able in the electronic preview mode. Since the signal from
the image sensor 6 is used (or there is no room for decen-
tering because the same route is used between the preview
and the exposure for recording), no composition shifts in
principle. In addition, the light flux can be surely guided to
the peripheral portion without the development or so-called
crop imaging using part of the signal from the image sensor

[0053] Referring now to FIGS. 4A to 4E, a description will
be given of the effect and the operation state of the present
invention. FIGS. 4A to 4E explain the light shielding states
when the image sensor 6 is viewed from the positive
direction of the Z axis. As illustrated, the image sensor 6 has
a rectangular effective pixel area (an area for generating an
output image). At positions 19a, 195, and 19¢, the optical
axis 17a in the viewfinder optical system 17, the center axis
18a in the mount 18, and the optical axis 4 in the imaging
optical system 3 intersect with the plane on which the image
sensor 6 is disposed. This embodiment shifts the positions
19a, 195, and 19¢ only in the Y direction for simplicity
purposes, but in practice they are relatively shifted on the
XY plane. A center line 31 is the Y axis passing through the
positions 19a, 195, and 19¢. Center lines 324, 3256, and 32¢
are parallel to the X axis and pass through the positions 194,
195, and 19¢, respectively. A region 33 is an area which a
light amount from the imaging optical system 3 sufficiently
reaches. A region 34 is an area in which the light amount
from the imaging optical system 3 is slightly lowered. A
region 35 is an area in which a light amount from imaging
optical system 3 is significantly lowered. The light amount
from the imaging optical system 3 actually changes con-
tinuously, but this embodiment illustrates three stepwise
changes for simplicity purposes.

[0054] FIG. 4A illustrates the state in the conventional
electronic preview mode. The moving center in the image
sensor image stabilization unit 14 is determined only by the
convenience of the image capturing apparatus 1 without
using the lens information. Therefore, the moving center in
the image sensor image stabilization unit 14 is generally set
to a position 195 where the image sensor image stabilization
unit 14 has the largest operation stroke. The position 19¢
decenters in the downward direction from the design nomi-
nal (with a state where there is no shift from the designed
value), and the image circle has no size margin. In the design
nominal state, the positions 19a, 195, and 19¢ accord with
one another. Herein, “the image circle has no size margin”
means that there is substantially no difference between the
size of the effective pixel area in the image sensor 6 and the
size of the area 33. In other words, it means that the effective
pixel area in the image sensor 6 extends to at least part the
area 34 due to a slight error (decentering). The image circle
has a radius of r1. As illustrated, the upper right corner and
the upper left corner of the effective pixel area in the image
sensor 6 are located in the area 34. Thus, the captured image
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partially has a conspicuous light amount drop. No compo-
sition shifts in the electronic preview mode.

[0055] FIG. 4B illustrates the state in the electronic pre-
view mode according to this embodiment. The position 19¢
is set so that the moving center in the image sensor image
stabilization unit accords with the optical axis 4 in the
imaging optical system 3. The position 19¢ shifts in the
downward direction from the design nominal (located at the
position 1956 in FIG. 4B), and the image circle has no size
margin. The image circle has a radius of r1. Unlike FIG. 4A,
since the moving center in the image sensor image stabili-
zation unit 14 is set to the position 19¢, the effective pixel
area in the image sensor 6 is entirely located in the area 33.
In other words, the captured image has no conspicuous light
amount drop. No composition shifts in the electronic pre-
view mode.

[0056] FIG. 4C illustrates the state in the optical preview
mode according to this embodiment. The moving center in
the image sensor image stabilization unit 14 is set to the
position 19a. The position 19¢ decenters in the downward
direction from the design nominal (located at the position
195 in FIG. 4C), and the image circle has no size margin.
The image circle has a radius of rl. Then, a light amount
drop is larger than that in FIG. 4A. Nevertheless, the
photographer determines the composition while viewing the
viewfinder, and thus the suppressed composition shift is
more emphasized than the suppressed light amount drop and
the composition shift is suppressed at the expense of the
peripheral light amount drop.

[0057] FIG. 4D illustrates the image circle having a size
margin in the electronic preview mode. While the position
19¢ decenters in the downward direction from the design
nominal (located at the position 194 in FIG. 4D), the image
circle has a size margin. The image circle has a radius of r2
(>r1). Since the image circle has a size margin, the light
amount is unlikely to drop. Therefore, it is unnecessary to
determine the moving center in the image sensor image
stabilization unit 14 based on the light amount drop in the
captured image as in FIG. 4B, and the moving center in the
image sensor image stabilization unit 14 may be determined
by another criterion. The other criterion is to maximize the
image stabilization function or to minimize the electric
power in the image stabilization unit. FIG. 4D addresses the
stroke and sets the moving center in the image sensor image
stabilization unit 14 to the position 195. Thereby, the effec-
tive pixel area in the imaging apparatus 6 is entirely located
in the area 33. In other words, the captured image has no
conspicuous light amount drop. No composition shifts in the
electronic preview mode.

[0058] FIG. 4E illustrates a state in which the image circle
has a size margin in the electronic preview mode. The
moving center in the image sensor image stabilization unit
14 is set to the position 194 on the straight line that connects
the position 196 and the position 19¢ with each other, based
on the information on the optical axis position information
and the size of the image circle. While the position 19¢
decenters in the downward direction from the design nomi-
nal (located at the position 195 in FIG. 4E), the image circle
has a size margin. The image circle has a radius of 12 (>r1).
FIG. 4D illustrates the maximization of the image stabili-
zation function and the minimization of the electric power as
a determinant of the moving center in the image sensor
image stabilization unit 14. FIG. 4E further introduces a
light amount drop of the captured image as the determinant
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in addition to the above factors. As described above, the light
amount from the imaging optical system 3 actually changes
continuously. In other words, when only the light amount is
considered, the state of FIG. 4B is most convenient. On the
other hand, the state of FIG. 4D is the most convenient,
when the image stabilization performance or the like is
addressed. FIG. 4E illustrates an intermediate case between
them in which the well-balanced position of the light amount
and the image stabilization performance is set to the moving
center in the image sensor image stabilization unit 14. For
example, where the imaging time is not so long, the image
stabilization stroke is not necessarily large and it is thus
conceivable to shift the moving center in the image sensor
image stabilization unit 14 so as to prioritize the light
amount. No composition shift occurs in the electronic pre-
view mode.

[0059] As described above, the present invention can
provide an image in which the peripheral light amount drop
of the optical system and blur are suppressed while sup-
pressing the composition shift.

[0060] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0061] This application claims the benefit of Japanese
Patent Application No. 2018-002782, filed on Jan. 11, 2018,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. An imaging apparatus comprising:

an image sensor configured to capture an object image

formed through an imaging optical system;

an image stabilization unit configured to move the image

sensor on a plane orthogonal to an optical axis in the
imaging optical system; and

a controller configured to control a movement by the

image stabilization unit, and to determine a moving
center in the image stabilization unit based on infor-
mation on the imaging optical system in an electronic
preview mode used to observe an image signal about
the object image based on an output from the image
sensor.

2. The imaging apparatus according to claim 1, wherein
the information on the imaging optical system includes at
least one of positional information on the optical axis in the
imaging optical system and information on a size of an
image circle in the imaging optical system.

3. The imaging apparatus according to claim 1, wherein
the controller determines the moving center in the e image
stabilization unit so that the moving center in the image
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stabilization unit accords with the optical axis in the imaging
optical system in the electronic preview mode.

4. The imaging apparatus according to claim 1, further
comprising a mount configured to enable the imaging optical
system to be attached,

wherein the controller determines the moving center in

the image stabilization unit so that the moving center in
the image stabilization unit accords with a center axis
in the mount in the electronic preview mode.

5. The imaging apparatus according to claim 1, wherein
the controller determines the moving center of the image
stabilization unit at a position that minimizes an electric
power in the image stabilization unit in the electronic
preview mode.

6. The imaging apparatus according to claim 1, further
comprising a mount configured to enable the imaging optical
system to be attached,

wherein the controller determines the moving center in
the image stabilization unit so that the moving center in
the image stabilization unit is located on a straight line
that connects the optical axis in the imaging optical
system and a center axis in the mount with each other
in the electronic preview mode.

7. The imaging apparatus according to claim 1, further
comprising an optical viewfinder unit configured to optically
observe the object image,

wherein the controller determines the moving center in

the image stabilization unit so that the moving center in
the image stabilization unit accords with an optical axis
in the optical viewfinder unit in an optical preview
mode that enables the object image to be optically
observed using the optical viewfinder unit.

8. A camera system comprising:

an imaging optical system;

an image sensor configured to capture an object image

formed through the imaging optical system;

an image stabilization unit configured to move the image

sensor on a plane orthogonal to an optical axis in the
imaging optical system; and

a controller configured to control a movement by the

image stabilization unit, and to determine a moving
center in the image stabilization unit based on infor-
mation on the imaging optical system in an electronic
preview mode used to observe an image signal about
the object image based on an output from the image
sensor.

9. The camera system according to claim 8, wherein the
imaging optical system includes a storage unit configured to
store information on the imaging optical system.
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